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ABSTRACT

A suspension flexure is provided. The suspension flexure
includes a steel layer, a polyimide layer above the steel layer,
and a copper layer on the polyimide layer comprising a plu-
rality of dual opposing cantilevered copper pads.

Interconnect area between suspension
flexure and flex circuit.

12 Claims, 14 Drawing Sheets
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DUAL OPPOSING CANTILEVER PADS OF
SUSPENSION FLEXURE

BACKGROUND

1. Field

Apparatuses consistent with the exemplary embodiments
relate to dual opposing cantilevers, and more specifically, to
dual opposing cantilever pads for a hard disk drive (HDD)
suspension flexure tail.

2. Description of the Related Art

Hard disk drives (HDD’s) include suspension circuits
which support the HDD in, for example, a computer. A sus-
pension circuit includes a suspension flexure which is con-
nected to a flex circuit. The suspension circuit provides an
electrical connection between a flex circuit (such an actuator
flex circuit) and the read-write head of the computer. The
suspension circuit consists of a steel layer and one or more
intricately patterned copper foil layers with insulating mate-
rial (for example, polyimide) which separate the conductive
layers (for example, the copper and steel layers) from each
other.

An electrical connection between the conductive layers is
possible using openings in the insulator. The read-write head
(mounted on one end of the suspension circuit) flies above the
spinning disk of a hard disk drive. The steel layer of the
suspension circuit functions as a spring which allows the
read-write head to hover above the spinning disk without
crashing while the copper circuitry provides the electrical
signal which is required for writing and reading data to and
from the disk (i.e. converting electrical current to magnetic
field for writing and converting magnetic field to electrical
current for reading).

FIGS. 1A and 1B illustrate a hard disk drive. A suspension
circuit is inserted in the HDD as shown in the drawings. The
mid tail of the suspension circuit is inserted, for example, in a
groove. The head area of the flex circuit is shown in FIG. 3A
and this would be connected to the tail end of the suspension
circuit. FIG. 2 illustrates a bare suspension flexure used in a
HDD. Such a suspension flexure is called a bare suspension
flexure since it will need to be, for example, bent, folded or
assembled to include additional parts. Further, the suspension
flexure illustrated in F1G. 2 is flat, however, it can be formed,
folded and assembled to additional parts prior to being con-
nected with a flex circuit. FIG. 3A illustrates a suspension
flexure which is connected to a flex circuit and FIG. 3B is a
more detailed drawing illustrating the flex circuit which is
connected to the suspension flexure. The flex circuit can also
be called, for example, the mating actuator flex circuit. FIGS.
4A and 4B are drawings illustrating the tail end of a suspen-
sion flexure.

As shown in FIGS. 4A and 4B, the tail end of the suspen-
sion flexure is made of a layer of steel, then a polyimide layer
which is placed over the steel layer, copper pads above the
polyimide layer, and then a polyimide cover which is placed
on the suspension flexure after the copper. FIG. 4B illustrates
the copper which is placed on the suspension flexure in more
detail. FIG. 5 illustrates a steel side view of the suspension
flexure.

Copper pads are spaced throughout the suspension flexure
in order to join the suspension flexure with a flex circuit. The
tail pad of the suspension flexure provides the electrical con-
nection between the tail end of the suspension circuit to the
head pads of the actuator flex circuit. However, as shown in
FIG. 4A, since long, unsupported copper tail pads are used in
some suspension flexures, the copper pads may be prone to
damage (deformation and/or breakage) during ultrasonic
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washing, and prone to breakage during manufacturing and
handling. Also, some current copper pads designs have a
rather large size (i.e. long and wide), and therefore, only a few
copper pads can be included in the suspension flexure. Fur-
ther, this can result in a bulky suspension flexure which
requires a lot of space. Suspension circuits with added func-
tionality which will require additional pads, and a new and
narrower, yet more robust pad design may be needed.

Also, currently, a different tail design is needed based on
the different bonding methods which are used to connect the
suspension flexure with the flex circuit. That is, tail pads are
designed for a particular bonding method. For example, long,
narrow unsupported copper pads are suitable for ultrasonic
bonding, whereas copper pads supported with a polyimide
base and a small volume of steel can be used for hot bar
bonding. However, copper pads which are supported with a
polyimide base and a small volume of steel which can be used
for hot bar bonding are unsuitable for ultrasonic bonding
because the polyimide may absorb the ultrasonic energy
required for bonding. Similarly, very wide copper pads with a
hole in the center can be used for solder jet bonding, but are
unsuitable for hot bar bonding because the hole in the copper
may cause the solder to wick and transfer onto the hot bar
bonding tool which may then transfer onto undesired areas of
other parts that use the same machine.

SUMMARY

An exemplary embodiment is directed to a suspension
flexure including a steel layer, a polyimide layer above the
steel layer, and a copper layer on the polyimide layer com-
prising a plurality of dual opposing cantilevered copper pads.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects will become apparent and
more readily appreciated from the following description of
the exemplary embodiments, taken in conjunction with the
accompanying drawings of which:

FIGS. 1A and 1B illustrate a hard disk drive (HDD);

FIG. 2 illustrates a bare suspension flexure;

FIG. 3A illustrates a suspension flexure connected to a flex
circuit, and FIG. 3B is a more detailed view ofthe flex circuit
which is connected to the suspension flexure;

FIG. 4A illustrates a tail end of the suspension flexure, and
FIG. 4B is a detailed view of a portion of the tail end of the
suspension flexure;

FIG. 5 is a steel side view of the suspension flexure of FI1G.
4A,

FIG. 6A illustrates a suspension flexure including dual
opposing cantilevers (DOC) with a straight edge, in accor-
dance with an exemplary embodiment, FIG. 6B is a more
detailed view of the dual opposing cantilevers with the
straight edge on the suspension flexure;

FIG. 7A illustrates a suspension flexure including dual
opposing cantilevers with a notched edge, in accordance with
an exemplary embodiment, and FIG. 7B illustrates a detailed
view of the suspension flexure including dual opposing can-
tilevers with a notched edge, in accordance with an exemplary
embodiment.

FIG. 8A illustrates a suspension flexure including dual
opposing cantilevers with a tongue and groove edge, in accor-
dance with an exemplary embodiment, and FIG. 8B illus-
trates a detailed view of the suspension flexure including dual
opposing cantilevers with a tongue and groove edge, in accor-
dance with an exemplary embodiment;
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FIG. 9A illustrates a steel side view of the suspension
flexure of FIG. 6B, in accordance with an exemplary embodi-
ment, and FIG. 9B illustrates a more detailed view of the steel
side view of the suspension flexure of FIG. 6B, in accordance
with an exemplary embodiment;

FIG. 10A illustrates a steel side view of the suspension
flexure including isolated steel islands, in accordance with an
exemplary embodiment, and FIG. 10B illustrates a more
detailed view of the steel side view of the suspension flexure
including isolated steel islands, in accordance with an exem-
plary embodiment;

FIG. 11A illustrates a steel side view of the suspension
flexure including isolated steel islands and steel openings, in
accordance with an exemplary embodiment, FIG. 11B illus-
trates a more detailed view of the steel side view of the
suspension flexure isolated steel islands and steel openings, in
accordance with an exemplary embodiment, and FIG. 11C
illustrates a coverlay side of the suspension flexure including
steel openings, in accordance with an exemplary embodi-
ment; and

FIG. 12A illustrates a steel side view of the suspension
flexure including isolated steel islands and solder, in accor-
dance with an exemplary embodiment, and FIG. 12B illus-
trates a more detailed view of the steel side view of the
suspension flexure including isolated steel islands and solder,
in accordance with an exemplary embodiment.

DETAILED DESCRIPTION

Reference will now be made in detail to the exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. The aforementioned
accompanying drawings show by way of illustration, and not
by way of limitation, exemplary embodiments and exemplary
implementations utilizing principles of the exemplary
embodiments.

These implementations are described in sufficient detail to
enable those skilled in the art to practice the exemplary
embodiments and it is to be understood that other implemen-
tations may be utilized and that structural changes and/or
substitutions of various elements may be made without
departing from the scope and spirit of exemplary embodi-
ments. The following detailed description is, therefore, not to
be construed in a limited sense. Further, descriptions of like
elements in the drawings will not be repeated for purposes of
brevity.

FIG. 6A illustrates a suspension flexure including dual
opposing cantilevers (DOC) with a straight edge, in accor-
dance with an exemplary embodiment, FIG. 6B is a more
detailed view of the dual opposing cantilevers with the
straight edge on the suspension flexure, in accordance with an
exemplary embodiment.

FIGS. 6A and 6B illustrate a coverlay side of the suspen-
sion flexure 600. As shown in FIG. 6B, a tail end of a suspen-
sion flexure 600 includes a steel layer 601, a polyimide layer
602 above the steel layer, copper pads 603, and a polyimide
cover 604. The steel layer 601 acts as a base layer. The
unsupported span of copper, which is for example, supported
only on both ends by polyimide or polyimide and steel but left
free and unsupported in the center of the pad is also called a
flying lead. Although a single copper layer is shown, a plu-
rality of copper layers can be used and can be separated from
each other with a layer of polyimide.

The copper pads 603 are called dual opposing cantilevers
(DOC) and include two smaller cantilevered copper pads
603-a and 603-b, as shown in FIG. 6 A, which face each other
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and are in close proximity on the tail end of the suspension
flexure. One DOC is described in the exemplary embodi-
ments, however, there are a plurality of dual opposing canti-
levers along the suspension flexure in the exemplary embodi-
ments. The cantilevered copper pads 603-a and 603-5 are
cantilevered since they are fixed at one end and do not extend
the entire length across from one longitudinal side of the
suspension flexure 600 to another side of the suspension
flexure 600. A cantilevered pad is a copper feature that is
supported only on one end. That is, the cantilevered pad is free
(i.e. unsupported) on the opposite end and on the two sides for
the length of the pad.

There is a gap between the cantilevered copper pads 603-a
and 603-5 through which a conductive material, such as sol-
der or conductive paste, can be applied in order to connect the
suspension flexure 600 to the conductive surfaces of a flex
circuit. Solder may be deposited in various ways, including
solder jet and solder paste. Solder jet is when a volume of
molten solder is ejected onto the conductive surfaces. Solder
paste is when a volume of uncured liquid adhesive containing
electrically conductive particles are dispensed in between the
gap ofthe copper pads. This conductive paste is then dried and
cured to harden it. These are merely examples and various
methods of performing solder jet and solder paste would be
clear to those of skill in the art. Aside from applying molten
solder or conductive paste through the gap in the copper pad
as described above, connectivity between the suspension
flexure and flex circuit can also be accomplished in other
ways including, for example, using a hot bar to heat steel
features beneath the copper pads which will melt solder
which has been pre-applied to either the suspension flexure or
flex circuit, or by adding a sheet of anisotropic conductive
film (ACF) between the pads of the suspension flexure and
flex circuit.

Although the copper pads 603 are shown on a portion
which does not include an active end 607, dual opposing
copper pads 603 may not be necessarily located on the portion
of'the suspension flexure 600 which does notinclude an active
end 607. Of the pair of opposing cantilevered pads, the active
end is the electrically functional pad. That is, it connects the
tail pads with other features in the suspension circuit, such as
pads in the head of the flexure, a grounding point (i.e. con-
nection to the steel layer) or other feature which requires
electrical connection. For example, a single cantilevered cop-
per pad can be used in an area of the suspension flexure when
an opposing side of the single cantilevered copper pad does
not have an active end.

As shown in FIG. 6A, the cantilevered copper pads 603-a
and 603-b face each other and include a straight edge.
Although a straight edge is shown in the exemplary embodi-
ments, this is merely an example and various modifications
can be made to the copper pads, as further discussed below.
By using a straight edge, the cantilevered copper pads 603-a
and 603-5 and the suspension flexure can be easier to manu-
facture.

Further, as shown in FIGS. 6 A and 6B, the polyimide cover
604 can be made to include a notch. However, this is merely
an example and the polyimide cover 604 can, for example, be
straight or wavy.

FIG. 7A illustrates a suspension flexure including dual
opposing cantilevers with a notched edge, in accordance with
an exemplary embodiment, and FIG. 7B illustrates a detailed
view of the suspension flexure including dual opposing can-
tilevers with a notched edge, in accordance with an exemplary
embodiment. As shown in FIG. 7A, the suspension flexure
700 includes dual opposing copper pads 703 which are made
of copper and include two small cantilevered copper pads



US 9,236,070 B1

5
703-a and 703-b which face each other. Further, the cantile-
vered copper pads 703-a and 703-5 include a notched edge.
FIG. 7B illustrates in more detail the cantilevered copper pads
703-a and 703-5 including the notched edge.

Since there is a notch in the cantilevered copper pads 703-a
and 703-b, there is a larger area through which a conductive
material, such as solder or conductive paste, can be applied in
order to connect the suspension flexure 700 to the conductive
surfaces of a flex circuit. Therefore, since the size of the gap
between the copper pads is increased, there is improved
access for joining the cantilevered copper pads 703-a and
703-b to a flex circuit.

FIG. 8A illustrates a suspension flexure including dual
opposing cantilevers with a tongue and groove edge, in accor-
dance with an exemplary embodiment, and FIG. 8B illus-
trates a detailed view of the suspension flexure including dual
opposing cantilevers with a tongue and groove edge, in accor-
dance with an exemplary embodiment.

As shown in FIG. 8A, the suspension flexure 800 includes
dual opposing copper pads 803 which are made of copper and
include two small cantilevered copper pads 803-a and 803-5
which face each other. Further, the cantilevered copper pads
803-a and 803-5 have a tongue and groove edge. FIG. 8B
illustrates the cantilevered copper pads 803-a and 803-5
including the tongue and groove edge in more detail. In the
example shown in FIGS. 8A and 8B, the cantilevered copper
pad 803-a forms the groove portion of the tongue and groove
edge and the cantilevered copper pad 803-5 forms the tongue
portion of the tongue and groove edge.

By using the tongue and groove edge, on the tongue edge
(for example, cantilevered copper pad 803-5), the exposed
conductive surface of the active pad is increased. The larger
surface increases the area which contacts the added solder or
conductive paste.

FIG. 9A illustrates a steel side view of the suspension
flexure of FIG. 6A, in accordance with an exemplary embodi-
ment, and FIG. 9B illustrates a more detailed view of the steel
side view of the suspension flexure of FIG. 6B, in accordance
with an exemplary embodiment.

As shown in FIG. 9B, the steel layer 901 of the suspension
flexure 900 appears on top in the drawing, followed by the
polyimide layer 902, and the dual opposing copper pads 903.
Although a polyimide cover exists in the suspension flexure
shown in FIG. 9B, it is not visible from the steel side view.
Further, the suspension flexure shown in FIGS. 9A and 9B
can include cantilevered copper pads 903-a and 903-b which
include a straight edge, but this is merely an example and
different cantilevered copper pads can be used.

A conductive material, such as solder or conductive paste,
can be applied from the steel layer side in order to connect the
suspension flexure 900 to the conductive surfaces of a flex
circuit. Although this is described with respect to FI1G. 9, this
is merely an example and the other exemplary embodiments
can also apply a conductive material from the steel layer side
of the suspension flexure.

FIG. 10A illustrates a steel side view of the suspension
flexure including isolated steel islands, in accordance with an
exemplary embodiment, and FIG. 10B illustrates a more
detailed view of the steel side view of the suspension flexure
isolated steel islands, in accordance with an exemplary
embodiment.

As shown in FIG. 10A, suspension flexure 1000 includes a
steel layer 1001 which includes isolated steel islands 1001-a
and 1001-5. As shown in FIG. 10B, by using isolated steel
islands on the steel layer 1000, there are openings in the
polyimide layer 1002 which allows heat to transfer from the
steel islands 1001-a and 1001-5 to the cantilevered copper
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pads 1003-g and 1003-b, respectively. The heat can be trans-
ferred from the steel islands 1001-a and 1001-5 to the canti-
levered copper pads 1003-a and 1003-5, respectively, via a
hot bar bonding process.

The hot bar process uses a heated metal tool pressed onto a
surface of one of the parts. For example, in an exemplary
embodiment, the heated metal tool will press down and apply
heat and pressure to the steel features in the suspension flex-
ure. This will in turn transfer the heat from the steel features
to the copper pads via, for example, an opening in the base
polyimide layer which provides a direct path for the heat to
flow between the steel and copper layers. This will then melt
solder that has been applied in advance to one (or both) of the
conductive surfaces of parts (in this case suspension flexure
and flex circuit) to be joined.

FIG. 10A can be used for various different bonding meth-
ods including, for example, solder jet through the copper
opening, solder paste through the copper opening, hot bar
using the steel islands to aid in heat transfer to the pads and
consequently to volumes of pre-applied solder or solder
paste, and anisotropic conductive film (ACF) between the
copper pads of the suspension flexure and the mating actuator
flex circuit.

As shown in the dotted lines in FIG. 10B, circular holes
1005-a and 1005-5 beneath the steel island 1001-a and 1001 -
b, respectively, represents holes in the polyimide layer. The
circular polyimide holes 1005, which include circular holes
1005-a and 1005-5, are used during manufacturing as a plat-
ing bus for, for example, a gold plating process. Further, the
circular polyimide holes 1005 function as a thermal pathway
so that heat can be transferred from the steel to the copper
when, for example, a hot baris applied. A single set of circular
polyimide holes 1005 is shown in FIG. 10B, however, a
plurality of circular polyimide holes would be located
throughout the suspension circuit.

FIG. 11A illustrates a steel side view of the suspension
flexure including isolated steel islands and steel openings, in
accordance with an exemplary embodiment, FIG. 11B illus-
trates a more detailed view of the steel side view of the
suspension flexure including isolated steel islands and steel
openings, in accordance with an exemplary embodiment, and
FIG. 11C illustrates a coverlay side of the suspension flexure
including steel openings, in accordance with an exemplary
embodiment.

As shown in FIG. 11A, suspension flexure 1100 includes a
steel layer 1001 which includes isolated steel islands 1001-a
and 1001-5. As shown in FIG. 10B, by using isolated steel
islands on the steel layer 1000, there are openings in the
polyimide layer 1002 which allows heat to transfer from the
steel islands 1001-a and 1001-5 to the cantilevered copper
pads 1003-g and 1003-b, respectively. The heat can be trans-
ferred from the steel islands 1001-a and 1001-5 to the canti-
levered copper pads 1003-a and 1003-5, respectively, via a
hot bar bonding process.

FIG. 11C is the opposite side (i.e. coverlay side shown) of
FIG. 11A. The small steel openings (as compared to a single
large opening) may be more robust for ultrasonic washing,
manufacturing handling etc.

FIG. 12A illustrates a steel side view of the suspension
flexure including isolated steel islands and solder, in accor-
dance with an exemplary embodiment, and FIG. 12B illus-
trates a more detailed view of the steel side view of the
suspension flexure isolated steel islands and solder, in accor-
dance with an exemplary embodiment.

As shown in FIG. 12A, suspension flexure 1200 includes
domes of solder or conductive solder paste 1205. FIG. 12B is
a more detailed view of the domes of solder or conductive
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solder paste 1205. Since there is a gap between the cantile-
vered copper pads a conductive material, such as solder or
conductive paste, can be applied in order to connect the sus-
pension flexure 1200 to the conductive surfaces of a flex
circuit.

Various methods of bonding, such as hot-bar bonding,
solder jet bonding, anisotropic conductive film (ACF) bond-
ing, solder paste bonding, etc. can be performed while using
the same tail design. Solder jet and solder paste bonding can
be applied from the steel side and hot-bar bonding and ACF
can be applied from the coverlay side.

Therefore, by using short cantilevered pads, the suspension
flexure, suspension portion, or tail area is more robust for
manufacturing and handling. Further, by using dual opposing
cantilever pads, there is reduced strain on the copper pads
which can prevent breakage. Further, the use of dual opposing
cantilever pads can also ease the manufacturing and handling
process.

By using small and short cantilevered copper pads, the
copper pads would consequently take up less space and more
copper pads for additional functions can be included in the
suspension flexure. Flexures today contain, for example, a
pair of writer pads, a pair of reader pads, a heater pad, a
ground pad, a pair of pads attached to a sensor and optionally
may also include one or two pads which are connected to a
feature used in secondary actuation of the flexure, and in some
cases an additional heater pad.

With the short cantilevered pad design, additional pads can
be placed into existing space. Further, since the copper pads
take up less space, the suspension flexure can be made
smaller.

There is also greater flexibility during the assembly pro-
cess since a single tail design can be used since the pads,
according to the exemplary embodiments, can accommodate
various bonding methods. A single tail design can be used
regardless of the bonding method being used and a dedicated
tail pad design is not required for each bonding method. For
example, as shown in FIG. 12A, ahot bar method can be used
by applying a heated element (bonding tool) to the isolated
steel features to melt solder that has been previously applied
to either the flex circuit or suspension flexure (or both). Alter-
nately, molten solder can be ejected into the gap between the
copper pads (solder jet bonding) or solder paste applied to the
gap (solder paste method). Also, a sheet of ACF can be sand-
wiched between the copper pads of the suspension flexure and
the copper pads of the flex circuit.

Also, it will be easier to align the suspension flexure with
the flex circuit by using the openings between the pads. That
is, the openings will allow for an easier visual check as to
whether the suspension flexure and the flex circuit are
aligned.

Other implementations of the exemplary embodiments
will be apparent to those skilled in the art from consideration
of the specification and practice of the exemplary embodi-
ments disclosed herein. Various aspects and/or components
of the described embodiments may be used singly or in any
combination. It is intended that the specification and
examples be considered as exemplary only, with a true scope
and spirit of the exemplary embodiments being indicated by
the following claims.

What is claimed is:

1. A suspension flexure comprising:

a steel layer;

a polyimide layer above the steel layer; and

a copper layer on the polyimide layer comprising a plural-
ity of pairs of dual opposing cantilevered copper pads,
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wherein each pair of the plurality of pairs comprises a first
copper pad and a second copper pad each having a free
end portion and a fixed end portion,
the free end portions of the first copper pad and the second
copper pad of each pair extend toward one another, and

the fixed end portions of the first copper pad and the second
copper pad of each pair extend in directions opposing
one another.

2. The suspension flexure according to claim 1, wherein the
plurality of pairs of dual opposing cantilevered copper pads is
disposed on a tail end portion of the suspension flexure.

3. The suspension flexure according to claim 1, wherein the
steel layer of the suspension flexure comprises a single open-
ing.

4. The suspension flexure according to claim 1, wherein the
steel layer of the suspension flexure comprises a plurality of
openings.

5. The suspension flexure according to claim 1, wherein a
gap is formed between the free end portions of the first copper
pad and the second copper pad extending toward one another,
and the fixed end portions of the first copper pad and the
second copper pad extend in the directions away from the gap.

6. The suspension flexure according to claim 1, wherein the
fixed end portions of the first copper pad and the second
copper pad are fixed to the suspension flexure.

7. A suspension flexure comprising:

a steel layer;

a polyimide layer above the steel layer; and

a copper layer on the polyimide layer comprising a plural-

ity dual opposing cantilevered copper pads,

wherein the plurality of dual opposing cantilevered copper

pads comprise a first cantilevered copper pad and a sec-
ond cantilevered copper pad, wherein each of the first
cantilevered copper pad and the second cantilevered
copper pad has a straight edge.

8. A suspension flexure comprising:

a steel layer;

a polyimide layer above the steel layer; and

a copper layer on the polyimide layer comprising a plural-

ity of dual opposing cantilevered copper pads,

wherein the plurality of dual opposing cantilevered copper

pads comprise a first cantilevered copper pad and a sec-
ond cantilevered copper pad, wherein each of the first
cantilevered copper pad and the second cantilevered
copper pad has a notch.

9. A suspension flexure comprising:

a steel layer;

a polyimide layer above the steel layer; and

a copper layer on the polyimide layer comprising a plural-

ity of dual opposing cantilevered copper pads,

wherein the plurality of dual opposing cantilevered copper

pads comprise a first cantilevered copper pad and a sec-
ond cantilevered copper pad, wherein the first cantile-
vered copper pad and the second cantilevered copper
pad form a tongue and groove pad edge.

10. A suspension flexure comprising:

a steel layer;

a polyimide layer above the steel layer; and

a copper layer on the polyimide layer comprising a plural-

ity of dual opposing cantilevered copper pads,

wherein the steel layer of the suspension flexure comprises

a plurality of steel islands.

11. The suspension flexure according to claim 10, wherein
the polyimide layer comprises a plurality of holes under the
plurality of steel islands, respectively, which transfer heat
from the steel layer to the copper layer during bonding.
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12. A suspension flexure comprising:

a steel layer;

a polyimide layer above the steel layer; and

a copper layer on the polyimide layer comprising a plural-
ity of dual opposing cantilevered copper pads, 5

wherein the polyimide layer comprises a plurality of holes
which transfer heat from the steel layer to the copper
layer during bonding.
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